Background {#Sec1}
==========

Understanding how risk perceptions and knowledge develop in response to emerging or changing health risks is important in the development of public health strategies \[[@CR1]--[@CR3]\]. This may be particularly true for risks that are new, involuntary, difficult to control or potentially catastrophic, or that evoke strong feelings at the moment of decision-making. For these types of hazards, laypeople's risk perceptions are often high relative to expert assessments \[[@CR4]--[@CR6]\]. Media, personal networks and other social mechanisms may amplify the perceived risks, further widening the gap between the risk perceptions of laypeople and experts \[[@CR7]\].

The spread of tick-borne infectious diseases constitute rapidly growing health risks in Europe and elsewhere \[[@CR8], [@CR9]\]. Lyme borreliosis (LB) infection is caused by the spirochete bacteria of the *Borrelia burgdorferi* sensu lato (s.l) complex. While symptoms can be mild or absent for some individuals, they can be severe for others (including arthritis, cardiac and neurological problems), especially if not treated early. There is no vaccine available on the market, but LB infections can be treated with antibiotics \[[@CR8]\]. Tick-borne encephalitis (TBE) is caused by a flavivirus transmitted to humans by ticks and the virus may cause severe infection of the central nervous system. 27--40% of those diagnosed with TBE suffer serious, long-term cognitive and neuropsychiatric impairments \[[@CR10], [@CR11]\]. There is no treatment once infected, but the disease is preventable as effective vaccines are available \[[@CR9]\].

Risks related to tick exposure and tick-borne diseases display several of the properties that make them difficult for laypeople to assess. They are relatively new to many people, they have potentially serious health impacts, the probability of getting LB or TBE after a tick bite is very low, and the risk is difficult to control. Thus, it is not surprising that recent studies indicate that laypeople have higher risk perceptions than experts concerning ticks and tick-borne diseases \[[@CR12], [@CR13]\]. Previous literature also indicate that the perceived risk of tick bites and/or tick-borne diseases -- in terms of both seriousness and probability -- as well as the perceived efficacy of protective measures can have a stronger influence than actual exposure on protective behaviour \[[@CR14]--[@CR20]\]. Accordingly, studying the level of knowledge and perceptions of risk related to ticks and tick-borne diseases among the population is important for informing public health policy \[[@CR21], [@CR22]\].

The Scandinavian countries Denmark, Norway and Sweden provide for an interesting case study about tick-related risk perceptions as the distribution of *Ixodes ricinus*, the most common tick in Scandinavia, has expanded northwards and upwards in elevation in recent decades \[[@CR23], [@CR24]\]. Alongside this development, the incidence of LB and TBE has increased \[[@CR25], [@CR26]\]. There is a notable heterogeneity in TBE disease incidence in Scandinavia, with the highest incidence found in Sweden, especially in some parts of Sweden including the capital region around Stockholm.

The aim of the present study is to investigate knowledge and factors associated with risk perceptions related to tick bites, LB and TBE in Denmark, Norway and Sweden. By analysing how risk perceptions and knowledge vary between countries, age and gender, the study also aims at informing the development of public health strategies in response to the growing disease incidence.

Many of the previous studies on tick related risk perception were conducted by surveying relatively small samples in endemic areas \[[@CR12], [@CR20], [@CR27]--[@CR30]\] or among respondents with common backgrounds or recreational interests \[[@CR19]\]. In contrast, this study uses a sample of a total of 2668 respondents, representative of the populations of Denmark, Norway and Sweden. To our knowledge, this is the largest sample used for studying knowledge and risk perceptions related to ticks, TBE and LB so far. This allows for a more comprehensive analysis of risk perceptions and knowledge in the population as a whole. As there is currently very limited scientific evidence on the level of knowledge and risk perceptions related to ticks and tick-borne disease in the Scandinavian population, the study can inform the development of public health strategies.

Methods {#Sec2}
=======

Study design {#Sec3}
------------

As part of a larger Scandinavian research project on ticks and tick-borne diseases (Scandtick Innovation), a web-based survey was designed to study exposure to and experience of ticks and tick bites, protective behaviour and risk perceptions among people in Denmark, Norway and Sweden.[1](#Fn1){ref-type="fn"} The survey instrument included 48 questions and was informed by previous efforts to study the issues in focus \[[@CR13]--[@CR15], [@CR18]--[@CR20], [@CR31]\]. It included questions in the following categories: exposure to ticks; having had a tick-borne disease; knowledge on tick-related issues, general trust and risk preferences; protective behaviour related to tick bites; recreational behaviour; and demographic characteristics (age, gender, education, income and country of residence). The present article will focus particularly on the subset of the questions in the survey relating to risk perceptions and tick-related knowledge.

Risk perceptions were elicited using seven questions where respondents were asked to indicate their perceived risk on an ordinal scale. Such scales have been found to be good instruments for measuring probabilistic expectations and risk perceptions \[[@CR32], [@CR33]\]. We divided risk perceptions into two parts: the probability of an event occurring and the severity of the event if it were to occur. Respondents were asked to state the perceived probability of getting a tick bite in the next 12 months and the probability of contracting LB or TBE if bitten by a tick, using a scale from 0 to 100. The perceived severity of getting a tick bite, contracting LB and contracting TBE was elicited through three separate questions where answers were reported on a 0--10 scale. Respondents were also asked 'How willing are you to take risks, in general?' (scale 0--10) as this general risk question has previously been found to be a good predictor of actual risk-taking behaviour \[[@CR32]\].

Nine questions in the survey concerned the level of knowledge about ticks, LB and TBE. As people's ability to recognise a tick is important for protective practices, similar to an earlier study \[[@CR19]\] we showed respondents five pictures, three of which showed ticks in different life stages and two showed insects, and asked respondents to identify which pictures showed a tick.

Respondents who reported having heard of LB or TBE were asked three questions to test their knowledge about LB and three questions to test their knowledge about TBE. The knowledge questions are further described in Section 3.

Data collection {#Sec4}
---------------

Taking budget restrictions into account, our aim was to recruit a sample that would be representative in terms of age (18--29, 30--44, 45--59 and above 60), gender and region of residence and that would consist of around 750 respondents from Denmark, 750 from Norway and 1000 from Sweden (the higher desired number of respondents in Sweden reflects the country's larger population). The targets for each sub-quota within each country were based on the demography of the respective country, extracted from the national registries \[[@CR34]--[@CR36]\]. For each sub-quota the respondents were randomly selected from national telephone registries. 5096 persons in Denmark, 7194 in Norway and 9901 in Sweden were initially telephoned and asked about willingness to participate in the survey.

Of those contacted, 1436 (28%), 1518 (21%) and 2037 (21%) were reached and willing to participate, in Norway, Denmark and Sweden respectively. In October 2016, the web-based survey[2](#Fn2){ref-type="fn"} was sent to these respondents, simultaneously in all three countries. 157 (11%), 250 (16%) and 214 (11%) of the emails bounced back, which means that 1279, 1268 and 1823 people actually received the email in the three studied countries. Of these, a total of 2668 completed the survey (783, 789, and 1096), corresponding to a response rates of 61, 62 and 60% of those who received the email, respectively. Statens Serum institute in Denmark, the Norwegian Public Health Institute and the University of Gothenburg in Sweden administered the survey in the respective countries. The data collection was facilitated by the Epinion survey company.

Data analysis {#Sec5}
-------------

We analyse statistical differences between the country sub-samples for all variables included in the analysis. For variables regarding risk perceptions and knowledge, we also analyse statistical differences related to gender and age group. We use Chi-squared tests for dummy variables and t-tests for continuous variables to analyse statistically significant differences. We analyse factors associated with the perceived seriousness of getting a tick bite, LB or TBE through three separate regression models. While the dependent variables are ordinal in character (0--10 scale) we use a linear regression model rather than an ordinal regression model for ease of interpretation. Using an ordinal logit model yields very similar results as the Ordinary Least Square model in terms of signs and levels of statistical significance of the associated explanatory variables.

We control for potential multicollinearity among the explanatory variables by using the variance inflation factor (VIF) test. Since our variable relating to correct identification of tick pictures had VIF values greater than 10 -- a commonly used benchmark in statistical analysis -- this variable was dropped from the multivairate analysis. The sample size in the multivariate regression analyses were 2581, 2488 and 1769 respectively, depending on the number of respondents who had responded to all the questions (variables) included in the regression model. For example, in the analysis of the perceived seriousness of getting TBE, we excluded 811 respondents who had never heard of the disease or 'did not know' if they had heard of it. The statistical analysis was performed using STATA version 15.

Results {#Sec6}
=======

Descriptive statistics {#Sec7}
----------------------

Descriptive statistics as well as tests for statistical differences between the country subsamples are reported in Table [1](#Tab1){ref-type="table"}. Table 1Descriptive statistics (mean values)VARIABLES\[[@CR1]\]\[[@CR2]\]\[[@CR3]\]\[[@CR4]\]\[[@CR5]\]\[[@CR6]\]\[[@CR7]\]\[[@CR8]\]*P*-values^b^*P*-values^b^*P*-values^b^DenmarkNorwaySwedenScandinaviasd^a^minmaxN^c^H~0~:μ~1~ = μ~2~H~0~:μ~1~ = μ~3~H~0~:μ~2~ = μ~3~Age of respondent50.4947.1648.1848.5616.29189926680.000**0.0070.537**Female respondent0.5360.5150.5260.5260.4990126680.386**0.6700.610**Has attended university0.7720.7020.6160.6870.4640126160.002**0.0000.000**General willingness to take risks4.8764.9494.5584.7672.30701026681.000**0.0100.001**Likelihood of being bitten by tick in next 12 months26.4928.7138.6432.1331.85010026600.487**0.0000.000**Likelihood of contracting LB if bitten by tick16.0918.5420.0418.4419.5101002529**0.0480.000**0.328Likelihood of contracting TBE if bitten by tick10.3814.8012.7213.0017.4801001822**0.0020.001**1.000Perceived seriousness of one tick bite5.8445.2255.2775.4292.5150102632**0.0000.000**1.000Perceived seriousness of contracting LB8.5618.1277.1937.8632.0610102538**0.0000.0000.000**Perceived seriousness of contracting TBE9.2438.6779.0189.0321.5740101801**0.0550.020**1.000Ever heard of Lyme borreliosis0.9740.9250.9840.9640.186012668**0.000**0.123**0.000**Ever heard of TBE0.6400.3730.9690.6960.460012668**0.0000.0000.000**Number of correctly identified tick pictures3.5043.6413.9523.7291.114052668**0.0410.0000.000** Correctly identified picture 1 (adult female tick)0.4440.4990.5620.5090.500012668**0.0290.0000.007** Correctly identified picture 2 (insect)0.7820.8610.9110.8580.3490126680.198**0.0000.001** Correctly identified picture 3 (tick nymph)0.4970.4450.5840.5170.500012668**0.0000.0000.001** Correctly identified picture 4 (blood fed tick)0.8850.9050.9460.9160.277012668**0.0390.0000.000** Correctly identified picture 5 (insect)0.8970.9320.9490.9280.258012668**0.0130.000**0.113Number of correct answers to knowledge questions2.9642.4124.0663.2531.642062668**0.0000.0000.000** Correct answer to 'Borrelia is contagious'0.8670.7980.8510.8400.366012668**0.000**0.330**0.003** Correct answer to 'There is a vaccine against LB'0.5900.4700.4860.5120.500012668**0.0000.000**0.490 Correct answer to 'LB is treatable with antibiotics'0.8070.6380.7660.7400.439012668**0.0000.0310.000** Correct answer to 'TBE is contagious'0.5210.2460.8500.5750.494012668**0.0000.0000.000** Correct answer to 'There is a vaccine against TBE'0.1140.1650.7700.3980.490012668**0.0030.0000.000** Correct answer to 'TBE is treatable with antibiotics'0.0650.0950.3420.1880.391012668**0.0290.0000.000**Has searched for information about ticks or related diseases0.5480.5590.6080.5780.494012668**0.6600.0100.034**Notes: ^a^sd = The standard deviation for all respondents in Scandinavia (column 4)^b^From Chi-squared test for dummy variables and an unpaired t-test for continuous variables. P-values \< 0.10 are highlighted.^c^The number of respondents in Scandinavia, column 4

### Socioeconomic variables {#Sec8}

The total sample consists of a higher share of women compared with the population, but the gender distribution is quite similar across the country subsamples (see Table [1](#Tab1){ref-type="table"}). Educational attainment, measured as the share of respondents having attended university, varies from 77% in Denmark to 70% in Norway and 62% in Sweden. In all national subsamples, we find that this share is substantially higher than in the respective general populations \[[@CR34]--[@CR36]\]. The relationship between sample and population age differs between countries. Danish respondents are on average older than the population \[[@CR34]\]. The Swedish subsample, on the other hand, is younger than the population \[[@CR36]\], whereas the age of the Norwegian subgroup is not significantly different from Norwegian population \[[@CR35]\] (see Table [1](#Tab1){ref-type="table"}). In the last section of this paper, we discuss the potential implications these differences in demographic characteristics between our sample and the population may have for the interpretation of our results.

### Risk perceptions {#Sec9}

There are small but statistically significant cross-country differences in the general willingness to take risks as well as in specific tick-related risks (see Table [1](#Tab1){ref-type="table"}). A mean score of 4.6 on the general risk question among respondents in Sweden indicates that they are less willing to take risks in general than respondents in Denmark and Norway, who both had a mean score of about 4.9.

The first of the six risk perception questions related to ticks and tick-borne diseases concerned the perceived probability of getting a tick bite in the next 12 months. We find large variations across countries, with respondents in Denmark and Norway assigning the lowest value to this probability (the averages were 26 and 29 on a 100 point scale, respectively) and respondents in Sweden assigning the highest value (average 39).

Next, we asked respondents about their perceived probability of getting LB if they were bitten by a tick. The mean perceived probabilities reported by respondents in Norway \[[@CR18]\] and Sweden \[[@CR19]\] were similar but slightly higher than that reported by respondents in Denmark (16 on a 100 point scale). We find similar differences in reported probabilities of contracting TBE if bitten by a tick. Respondents in Norway \[[@CR14]\] and Sweden \[[@CR12]\] again reported similar but higher probabilities than respondents in Denmark \[[@CR10]\].

The responses regarding the perceived seriousness of a tick bite were rather similar across countries, with the average score for respondents from Norway and Sweden being 5.2 and 5.3 respectively on a 10 point scale. The higher average score for respondents in Denmark (5.8) indicates that these respondents found it more serious to get bit by a tick than did respondents in the other countries.

There was a larger difference between the country sub-samples in perceived seriousness of contracting LB. While respondents in Sweden reported a mean score of 7.2 (on a 0--10 scale), those in Denmark and Norway had significantly higher mean scores of 8.6 and 8.1, respectively. We also find that not only the mean values but also the distribution of the responses differ distinctly across the three countries. A higher share of the respondents in Denmark (43%) and Norway (34%) reported the highest value on the 0--10 scale of perceived seriousness compared with far fewer respondents in Sweden (17%). The perceived seriousness of contracting TBE was higher on average than for LB, with a mean of 9.0 on the 0--10 scale in the total sample. Respondents in Denmark reported a small but statistically significantly higher perceived seriousness (9.2) than respondents in Norway (8.7) and Sweden (9.0).

### Knowledge {#Sec10}

Turning to the degree of knowledge about tick-borne diseases, the general awareness of LB was high with 96% of the respondents stating that they had heard of the disease (see Table [1](#Tab1){ref-type="table"}).[3](#Fn3){ref-type="fn"} However, this share was significantly lower in Norway, where 92% had heard of LB. Considerably fewer, 70% of all respondents, stated that they had heard of TBE but cross-country differences were considerable. Almost all respondents in Sweden reported having heard of TBE (97%) compared with Denmark (64%) and Norway (only 37%).

Respondents who reported having heard of LB and/or TBE were asked three knowledge questions related to each disease.[4](#Fn4){ref-type="fn"} The average score on the six knowledge questions was 3.2 out of six possible correct answers with significant differences between respondents in Norway (2.4), Denmark (3.0), and Sweden (4.1). Eighty-four per cent of the respondents knew that LB is not contagious, but the share was significantly lower in Norway than in the other countries. About half of all respondents thought that a vaccine against LB exists, which is incorrect. The respondents in Denmark did markedly better than others in this regard, with 59% giving the correct answer. About three in four of all respondents knew that LB is treatable with antibiotics. Again, a significantly lower share of the respondents in Norway answered correctly compared with those in Denmark and Sweden. Knowledge about TBE was considerably lower than about LB. As expected, knowledge about TBE was higher in Sweden than in Denmark and Norway. Eighty-five per cent of the respondents in Sweden knew that TBE is not contagious, compared with about half of respondents in Denmark and just one quarter of respondents in Norway. While a large majority of respondents in Sweden (77%) knew that there is a vaccine against TBE, far fewer respondents in Denmark (11%) and Norway (16%) answered this question correctly. Only 19% of all respondents knew that TBE cannot be treated with antibiotics. Also among respondents in Sweden, where TBE is relatively more prevalent, only 34% of the respondents answered this question correctly.

The average score on the picture identification task was 3.7 (scale 0--5) with minor variations across countries. The highest average score was found in Sweden followed by Norway and Denmark. For the two insect pictures, almost all respondents correctly identified these as non-ticks. Ninety-two per cent managed to correctly identify a blood-filled tick as a tick, whereas only about half of the respondents were correct on the other two tick pictures. From these answers it is clear that respondents struggled to identify ticks except when full of blood.

### Differences in knowledge and risk perception across gender {#Sec11}

To inform public policy, we also analysed differences in risk perceptions and knowledge between men and women and between different age groups. Table [2](#Tab2){ref-type="table"} reports differences in risk perceptions and knowledge about ticks and tick-borne diseases between female and male respondents. Table 2Gender differences in risk perceptions and knowledge related to ticks and tick-borne diseases\[[@CR1]\]\[[@CR2]\]\[[@CR3]\]\[[@CR4]\]\[[@CR5]\]\[[@CR6]\]\[[@CR7]\]*P*-values^b^VARIABLESFemaleMaleAllsd^a^minmaxNH~0~:μ~1~ = μ~2~Likelihood of being bitten by tick in next 12 months33.2130.9532.1331.8501002660**0.068**Likelihood of contracting LB if bitten by tick21.0715.4218.4419.5101002529**0.000**Likelihood of contracting TBE if bitten by tick14.5811.1013.0017.4801001822**0.000**Perceived seriousness of one tick bite5.7375.0855.4292.5150102632**0.000**Perceived seriousness of contracting LB8.0267.6757.8632.0610102538**0.000**Perceived seriousness of contracting TBE9.2298.7929.0321.5740101801**0.000**Ever heard of Borreliosis0.9790.9470.9640.186012668**0.000**Ever heard of TBE0.7260.6630.6960.460012668**0.000**Number of correctly identified tick pictures3.7283.7303.7291.1140526680.965Number of correct answers to knowledge questions3.4573.0283.2531.642062668**0.000**Notes: ^a^sd = The standard deviation for all respondents (column 3).^b^ From Chi-squared test for dummy variables and an unpaired t-test for continuous variables. P-values \< 0.10 are highlighted.

We find that female respondents on average reported significantly higher scores for all six risk perception questions. On average, female respondents also scored higher on the knowledge questions and a higher share of women had heard of LB and TBE. There were no significant differences between men and women in correctly identifying pictures of ticks.

### Differences in knowledge and risk perception across age groups {#Sec12}

Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"} reports differences in risk perceptions and knowledge about ticks and tick-borne diseases across age groups. Table 3Age differences in risk perceptions and knowledge related to ticks and tick-borne diseases\[[@CR1]\]\[[@CR2]\]\[[@CR3]\]\[[@CR4]\]\[[@CR5]\]\[[@CR6]\]\[[@CR7]\]\[[@CR8]\]\[[@CR9]\]VARIABLESage1829age3044age4559age60ormoreAllsd^a^minmaxNLikelihood of being bitten by tick in next 12 months29.2333.1233.2231.8732.1331.8501002660Likelihood of contracting LB if bitten by tick15.7416.3319.4920.7418.4419.5101002529Likelihood of contracting TBE if bitten by tick11.6511.2113.9814.3013.0017.4801001822Perceived seriousness of one tick bite4.5935.0525.5866.0625.4292.5150102632Perceived seriousness of contracting LB7.6477.6987.8768.1007.8632.0610102538Perceived seriousness of contracting TBE8.8318.9049.1869.0989.0321.5740101801Ever heard of Borreliosis0.9000.9720.9730.9830.9640.186012668Ever heard of TBE0.6030.6960.6990.7420.6960.460012668Number of correctly identified tick pictures3.9683.9973.7453.3553.7291.114052668Number of correct answers to knowledge questions2.5343.2103.4413.5103.2531.642062668 Table 4Analysis of statistically significant differences between age groupsVARIABLESP-values^b^P-values^b^P-values^b^P-values^b^P-values^b^P-values^b^H~0~:μ~1~ = μ~2~H~0~:μ~1~ = μ3H~0~:μ~1~ = μ4H~0~:μ2 = μ3H~0~:μ2 = μ4H~0~:μ3 = μ4Likelihood of being bitten by tick in next 12 months0.2690.2490.9831.0001.0001.000Likelihood of contracting LB if bitten by tick1.000**0.0160.0000.0160.000**1.000Likelihood of contracting TBE if bitten by tick1.0000.5100.255**0.0810.022**1.000Perceived seriousness of one tick bite**0.0170.0000.0000.0010.0000.001**Perceived seriousness of contracting LB1.0000.720**0.003**0.798**0.001**0.137Perceived seriousness of contracting TBE1.000**0.024**0.119**0.096**0.4931.000Ever heard of Borreliosis**0.0000.0000.000**0.9630.1510.168Ever heard of TBE**0.0010.0010.000**0.902**0.0420.059**Number of correctly identified tick pictures1.000**0.0050.0000.0000.0000.000**Number of correct answers to knowledge questions**0.0000.0000.0000.0410.002**1.000Notes: ^a^sd = The standard deviation for all respondents (column 5)^b^ From Chi-squared test for dummy variables and an unpaired t-test for continuous variables. P-values \< 0.10 are highlighted.

Older age groups have higher risk perceptions compared with younger age groups. This general pattern is consistent for all six risk perception questions (except for some small variations where those aged 45--59 have somewhat higher risk perceptions than the oldest age group) and several of the differences are also statistically significant. A higher share of respondents in the older age groups had heard of LB and TBE and score significantly higher on the six knowledge questions. The two older age groups scored significantly lower on the picture identification task.

Associations between risk perceptions regarding tick bites, LB and TBE and other factors {#Sec13}
----------------------------------------------------------------------------------------

Tables [5](#Tab5){ref-type="table"}--[7](#Tab7){ref-type="table"} show results for variables associated with the perceived seriousness of getting a single tick bite, LB and TBE, respectively, for all respondents in the sample (columns 1--3) as well as for each country separately (columns 4--6). In order to control for potential endogeneity between knowledge, exposure and risk perceptions, the analysis was performed in three steps. Column 1 reports associations with demographic variables only. The second column reports associations when variables related to general risk preferences and knowledge are included. The third column also includes associations with exposure related variables. For the country subsamples, associations are only reported when all explanatory variables are included in the model. Statistically significant associations at the 1, 5 and 10% levels are reported in the tables. Table 5Risk perception: Perceived seriousness of getting bitten by a tick. Regression results using OLS. Dependent variable: Perceived seriousness of getting bitten by a tick\*VARIABLES\[[@CR1]\]\[[@CR2]\]\[[@CR3]\]\[[@CR4]\]\[[@CR5]\]\[[@CR6]\]ScandinaviaScandinaviaScandinaviaDK^a^NO^b^SE^c^Age 18--29−0.469\*\*\*− 0.472\*\*\*−0.382\*\*\*− 0.820\*\*\*−0.239− 0.293(0.151)(0.150)(0.147)(0.297)(0.264)(0.220)Age 45--590.502\*\*\*0.518\*\*\*0.490\*\*\*0.649\*\*\*0.3120.499\*\*\*(0.131)(0.129)(0.125)(0.235)(0.235)(0.191)Age 60--0.950\*\*\*0.897\*\*\*0.813\*\*\*0.974\*\*\*0.576\*\*0.899\*\*\*(0.126)(0.125)(0.123)(0.229)(0.234)(0.188)Female respondent0.724\*\*\*0.652\*\*\*0.644\*\*\*0.2630.485\*\*\*0.969\*\*\*(0.097)(0.097)(0.095)(0.179)(0.177)(0.144)Has attended university−0.313\*\*\*− 0.232\*\*− 0.227\*\*− 0.253− 0.248− 0.258\*(0.106)(0.105)(0.102)(0.213)(0.193)(0.147)Norway−0.518\*\*\*− 0.586\*\*\*− 0.608\*\*\*(0.125)(0.123)(0.120)Sweden−0.549\*\*\*− 0.569\*\*\*− 0.486\*\*\*(0.117)(0.139)(0.136)General willingness to take risks−0.196\*\*\*−0.181\*\*\*− 0.184\*\*\*− 0.272\*\*\*−0.104\*\*\*(0.021)(0.021)(0.038)(0.037)(0.033)Number of correct answers to Borrelia knowledge questions−0.198\*\*\*− 0.140\*\*− 0.039− 0.152−0.209\*\*(0.055)(0.054)(0.098)(0.095)(0.094)Number of correct answers to TBE knowledge questions−0.0490.005−0.132− 0.0130.127(0.059)(0.059)(0.116)(0.109)(0.095)Has had one or more tick bites in lifetime−1.158\*\*\*−1.095\*\*\*−1.136\*\*\*−1.087\*\*\*(0.099)(0.177)(0.180)(0.164)Diagnosed with Lyme borreliosis ever0.634\*\*\*0.929\*\*−0.6260.822\*\*\*(0.190)(0.462)(0.463)(0.232)Visits TBE areas at least monthly0.1880.0120.3310.232(0.134)(0.307)(0.320)(0.169)Constant5.284\*\*\*6.718\*\*\*7.071\*\*\*7.114\*\*\*7.149\*\*\*5.860\*\*\*(0.154)(0.211)(0.208)(0.370)(0.331)(0.306)Observations2581258125817547651062R-squared0.0720.1090.1540.1720.1740.136Notes: ^a^Denmark; ^b^Norway; ^c^Sweden\*The dependent variable is measured on a 0--10 scale where 0 equals 'not serious as all' and 10 equals 'very serious' in response to the question 'How serious do you consider it is to be bitten by a tick?'Standard errors in parentheses\*\*\* *p* \< 0.01, \*\* *p* \< 0.05, \* *p* \< 0.1 Table 6Risk perception: Perceived seriousness of getting Lyme borreliosis. Regression results using OLS. Dependent variable: perceived seriousness of getting Lyme borreliosis\*VARIABLES\[[@CR1]\]\[[@CR2]\]\[[@CR3]\]\[[@CR4]\]\[[@CR5]\]\[[@CR6]\]ScandinaviaScandinaviaScandinaviaDK^a^NO^b^SE^c^Age 18--29−0.005− 0.039−0.018− 0.261−0.1770.134(0.127)(0.127)(0.127)(0.230)(0.233)(0.201)Age 45--590.1200.1530.1610.0710.0530.293\*(0.107)(0.106)(0.106)(0.176)(0.200)(0.174)Age 60--0.323\*\*\*0.340\*\*\*0.364\*\*\*0.299\*0.399\*\*0.382\*\*(0.103)(0.103)(0.104)(0.173)(0.197)(0.172)Female respondent0.365\*\*\*0.365\*\*\*0.360\*\*\*0.377\*\*\*0.310\*\*0.385\*\*\*(0.080)(0.080)(0.080)(0.134)(0.151)(0.131)Has attended university−0.265\*\*\*− 0.187\*\*− 0.185\*\*− 0.316\*− 0.147−0.160(0.088)(0.088)(0.088)(0.162)(0.169)(0.134)Norway−0.424\*\*\*− 0.489\*\*\*− 0.481\*\*\*(0.104)(0.103)(0.103)Sweden−1.395\*\*\*−1.136\*\*\*−1.095\*\*\*(0.096)(0.115)(0.116)General willingness to take risks−0.070\*\*\*−0.066\*\*\*− 0.091\*\*\*− 0.102\*\*\*− 0.032(0.017)(0.017)(0.029)(0.032)(0.030)Number of correct answers to Borrelia knowledge questions−0.127\*\*\*−0.101\*\*0.083−0.029− 0.275\*\*\*(0.049)(0.049)(0.078)(0.090)(0.088)Number of correct answers to TBE knowledge questions−0.227\*\*\*−0.201\*\*\*− 0.214\*\*−0.168\*\*− 0.159\*(0.049)(0.049)(0.085)(0.084)(0.087)Has had one or more tick bites in lifetime−0.195\*\*0.079−0.140− 0.419\*\*\*(0.085)(0.134)(0.155)(0.149)Diagnosed with Lyme borreliosis ever−0.382\*\*−0.388− 0.399− 0.250(0.158)(0.344)(0.383)(0.210)Constant8.425\*\*\*9.152\*\*\*9.162\*\*\*8.889\*\*\*8.705\*\*\*8.252\*\*\*(0.128)(0.180)(0.182)(0.290)(0.299)(0.282)Observations2488248824887317101047R-squared0.0980.1180.1230.0580.0480.054Notes: ^a^Denmark; ^b^Norway; ^c^Sweden\*The dependent variable is measured on a 0--10 scale where 0 equals 'not serious as all' and 10 equals 'very serious' in response to the question 'How serious do you consider it is to get the tick-borne disease Lyme borreliosis?'. Standard errors in parentheses\*\*\* *p* \< 0.01, \*\* p \< 0.05, \* p \< 0.1 Table 7Risk perception: Perceived seriousness of getting TBE. Regression results using OLS; Dependent variable: Perceived seriousness of getting TBE\*VARIABLES\[[@CR1]\]\[[@CR2]\]\[[@CR3]\]\[[@CR4]\]\[[@CR5]\]\[[@CR6]\]ScandinaviaScandinaviaScandinaviaDK^a^NO^b^SE^c^Age 18--29−0.0070.0330.0180.095−0.4200.078(0.122)(0.123)(0.123)(0.242)(0.366)(0.157)Age 45--590.260\*\*0.243\*\*0.237\*\*0.1840.577\*0.181(0.101)(0.101)(0.101)(0.176)(0.305)(0.134)Age 60--0.198\*\*0.165\*0.1500.2120.2410.082(0.096)(0.097)(0.098)(0.171)(0.289)(0.132)Female respondent0.422\*\*\*0.387\*\*\*0.380\*\*\*0.308\*\*0.501\*\*0.365\*\*\*(0.075)(0.076)(0.076)(0.134)(0.226)(0.102)Has attended university0.0920.0810.092−0.013−0.1030.186\*(0.083)(0.083)(0.084)(0.168)(0.276)(0.104)Norway−0.573\*\*\*−0.592\*\*\*− 0.578\*\*\*(0.120)(0.123)(0.123)Sweden−0.185\*\*−0.247\*\*−0.260\*\*(0.087)(0.101)(0.102)General willingness to take risks−0.037\*\*−0.037\*\*−0.070\*\*0.008−0.037(0.017)(0.017)(0.028)(0.047)(0.023)Number of correct answers to Borrelia knowledge questions0.0580.0460.103−0.1450.078(0.047)(0.047)(0.082)(0.129)(0.067)Number of correct answers to TBE knowledge questions0.0620.066−0.1060.330\*\*\*0.024(0.050)(0.050)(0.094)(0.121)(0.071)Has had one or more tick bites in lifetime0.0720.218−0.0760.013(0.082)(0.134)(0.232)(0.116)Diagnosed with Lyme borreliosis ever0.2170.3820.1110.241(0.136)(0.318)(0.455)(0.162)Visits TBE areas at least monthly−0.156\*−0.244−0.289−0.114(0.091)(0.188)(0.251)(0.118)Constant8.792\*\*\*8.806\*\*\*8.805\*\*\*9.046\*\*\*8.193\*\*\*8.564\*\*\*(0.122)(0.173)(0.176)(0.294)(0.461)(0.223)Observations1769176917694832531033R-squared0.0380.0430.0470.0530.0820.035Notes: ^a^Denmark; ^b^Norway; ^c^Sweden\*The dependent variable is measured on a 0--10 scale where 0 equals 'not serious as all' and 10 equals 'very serious' in response to the question 'How serious do you consider it is to get the tick-borne disease TBE?". Standard errors in parentheses\*\*\* *p* \< 0.01, \*\* p \< 0.05, \* *p* \< 0.1

### Risk perception regarding tick bites {#Sec14}

Table [5](#Tab5){ref-type="table"} reports results for variables associated with the perceived seriousness of getting a tick bite.

Among demographic factors, increasing age and being female are positively and significantly associated with a higher risk perception for a single tick bite, while there is a significant negative association with educational attainment. Living in Denmark is positively and significantly associated with perceived seriousness. As expected, a greater willingness to take risks is negatively associated with perceived seriousness.

A higher score on the three knowledge questions about LB is significantly associated with lower perceived seriousness in the sample as a whole. In the regression analysis per country subsample, we only find significant associations between knowledge about LB and the perceived seriousness of a tick bite among respondents in Sweden. There are no significant associations between correct answers to the knowledge questions about TBE and perceived seriousness of a tick bite.

We find strong negative associations between ever having had a tick bite and high perceived seriousness of a tick bite. Having been diagnosed with LB, on the other hand, is positively associated with a high perceived seriousness. We find no significant associations between frequent visits to areas with TBE risk and the perceived seriousness of a tick bite.

### Risk perception regarding LB {#Sec15}

Table [6](#Tab6){ref-type="table"} reports the results for variables associated with perceived seriousness of getting LB. The structure of the table is similar to the structure of Table [5](#Tab5){ref-type="table"}.

We find similar associations between several of the explanatory variables and high perceived seriousness regarding LB as with tick bites reported in Table [5](#Tab5){ref-type="table"}. Women and people aged above 60 are on average significantly more likely than men and younger age groups to have high risk perceptions concerning LB. Educational attainment as well as a general greater willingness to take risks is negatively associated with high perceived seriousness. Living in Denmark is positively and significantly associated with higher perceived seriousness of LB.

Having more knowledge about LB as well as experiences with tick bites are negatively associated with perceived seriousness, but in the country subsamples these associations are only significant in Sweden. While knowledge about TBE was not significantly associated with risk perceptions concerning tick bites, we find a significant negative association between knowledge about TBE and the perceived seriousness of LB.

We find a negative association (significant in the full sample but not in the country subsamples) between having been diagnosed with LB and the perceived seriousness of the diseases.

### Risk perception regarding TBE {#Sec16}

Table [7](#Tab7){ref-type="table"} reports results for variables associated with the perceived seriousness of getting TBE. The structure of this table is similar to that of Tables [5](#Tab5){ref-type="table"} and [6](#Tab6){ref-type="table"}.

Similar to our results concerning tick bite and LB risk perceptions, we find that being female, increasing age, living in Denmark and a general higher willingness to take risks are significantly associated with higher perceived seriousness of TBE.

While educational attainment and knowledge were significantly and negatively associated with higher perceived seriousness of a tick bite and LB, we find no similar associations with the perceived seriousness of TBE. On the contrary, we find a weak significant positive association between TBE risk perceptions and educational attainment in Sweden and number of correct answers to the knowledge questions about TBE among respondents in Norway.

We find no significant associations between perceived seriousness of TBE and exposure to tick bites, having been diagnosed with LB or visits to TBE risk areas.

Discussion {#Sec17}
==========

Understanding risk perceptions is important since it is this perceived risk rather than the objective risk that determines behaviour \[[@CR2], [@CR3]\]. In this paper, we investigate risk perceptions and knowledge related to ticks, tick bites, LB and TBE in Denmark, Norway and Sweden.

Risk perception {#Sec18}
---------------

Risk perception can be divided into two parts, the probability of an event occurring and the severity of that event should it occur. Although survey respondents indicated that the probability of contracting TBE is generally lower than that of contracting LB, both these probabilities were grossly overrated compared with scientific estimates of actual probabilities. While one recent study found that around 2% of people in Sweden who had been bitten by a tick were diagnosed with LB \[[@CR37]\], the probability of contracting LB after a tick bite stated by Swedish respondents in our study was around 20%. Similarly, the estimated probability of developing TBE after a tick bite is very high compared with existing prevalence studies in ticks \[[@CR25], [@CR38]\].

The perceptions of the seriousness of a single tick bite, of getting LB and of getting TBE were all high among the respondents, although respondents again were correct in estimating that contracting TBE is generally more severe than LB, as LB is treatable whereas TBE is not.

Our findings correspond to earlier research indicating that laypeople have higher risk perceptions concerning ticks and tick-borne diseases than experts \[[@CR12], [@CR13]\]. The properties of tick-related risks are possible explanations behind this gap, as they are relatively new, they have potentially serious health impacts, the probability of getting LB or TBE is very low, and the risk is difficult to control.

The associations we find between high risk perceptions and being female, being older and having lower educational attainment correspond to the associations found in several studies of risk perceptions in other areas \[[@CR6]\] as well as with findings in earlier studies of risk perceptions specifically linked to tick-borne diseases in Sweden \[[@CR13]\], Switzerland and Canada \[[@CR12]\].

In line with an earlier study \[[@CR13]\], we find that having had one or more tick bites is associated with a lower perceived seriousness of a tick bite. On the contrary, having been diagnosed with LB is positively associated with high risk perceptions for a tick bite. This indicates that experiencing tick bites leads to a downward adjustment of risk perceptions, unless you get LB.

While having been diagnosed with LB is positively associated with a higher perceived seriousness of a tick bite, it is negatively associated with the perceived seriousness of LB. Respondents reporting they have been diagnosed with LB (at some point in time) on average perceive LB as less serious than other respondents. A possible explanation for this is that while media is more likely to cover the serious or even extreme cases, most cases of LB actually give mild symptoms that disappear following antibiotic therapy \[[@CR8]\]. Once you have actually experienced this mild type of LB, the perceived seriousness of the disease may hence be lower. Another potential explanation could be that if you are diagnosed with LB you are also given substantial information on the subject.

The high risk perceptions related to ticks and tick-borne diseases found in this study may have both positive and negative impacts on public health. On the one hand, they are likely to be positively associated with the use of protective measures against tick bites which may reduce actual disease risk \[[@CR13]--[@CR15], [@CR17], [@CR19]\]. On the other hand, high risk perceptions may negatively impact public health if they affect time spent on outdoor recreation, as such recreation has been found to be associated with various health benefits \[[@CR39]\]. For example, one recent study finds that LB risk is negatively associated with time spent on outdoor recreational activities in the U.S \[[@CR40]\].

Knowledge {#Sec19}
---------

The average level of knowledge about ticks, LB and TBE was low among respondents. While most respondents had heard of LB, almost half of the respondents mistakenly believed there is a vaccine against LB and one in four did not know that LB can be treated with antibiotics.

In Sweden, where the incidence of TBE is considerably higher than in Denmark and Norway, almost all respondents had heard of this disease. However, the knowledge was not very substantial with only 34% knowing that TBE cannot be treated with antibiotics. Less than 20% of respondents in Denmark and Norway knew about the existence of TBE vaccines.

The respondents to our survey struggled to identify ticks when presented with a mix of pictures of ticks and insects. While 92% correctly identified a blood-filled tick, only about half of the respondents, managed to correctly identify a female adult tick or a tick nymph. As it is important to identify a tick before it attaches to the body and consequently before it is blood-filled \[[@CR41]\], this calls for increased information.

Information provision {#Sec20}
---------------------

Informing the general public and specific at-risk groups about tick bite prevention, disease symptoms and available treatments is a common public health strategy. A dual objective for public health policy is to induce precautionary behaviour, that can decrease the incidence of tick-borne diseases, without causing alarm leading to reductions in outdoor activities \[[@CR42]\]. The large variation in knowledge about LB and especially about TBE among the respondents in this study indicates that information provision could be a relevant public health strategy. Furthermore, our finding that better knowledge about tick-borne disease is associated with a lower perceived seriousness of tick bites and LB and a higher perceived seriousness of TBE indicate that information provision could make risk perceptions more closely aligned with actual risk.

As men and younger age groups are on average less knowledgeable about LB and TBE, they may be particularly important to target with information about these diseases. However, information provision about ticks and tick-borne diseases is not always effective \[[@CR21], [@CR43]\]. In Denmark, where LB risk perceptions were significantly higher than in Norway and Sweden, knowledge about LB was also significantly higher but not negatively associated with LB risk perceptions. Thus, it is possible that risk perceptions in certain contexts are socially amplified through for example media \[[@CR7]\]. In such contexts, risk communication focusing on helping the public understand probabilities and 'get the numbers right' will most likely need to be combined with participatory approaches aiming at enhancing trust in health authorities and the advice they provide \[[@CR44]--[@CR46]\]. One such initiative is a specialist centre for tick-borne diseases ([*www*.*Flåttsenteret.no*](https://xn--flttsenteret-ucb.no/)) recently established in Norway with the aim of providing advice to the public and professionals on ticks and tick-borne diseases and establishing a dialogue with concerned citizens and patient groups.

Limitations {#Sec21}
-----------

Comparing our sample with the general population our sample is somewhat older, has a larger share of women and has a higher average level of educational attainment. As education tends to be associated with better knowledge and lower risk perception, it is possible that the level of knowledge is lower and risk perceptions higher in the population than our results indicate.

While our findings largely correspond with other studies on risk perceptions, the low share of variation explained in the regression analyses indicate that several other possible unmeasured factors may influence risk perceptions. As this is a cross-sectional study, several caveats, including that we cannot infer causality, apply to the interpretation and generalisation of our results.

There is also potential endogeneity in our study. Risk perceptions are clearly not independent from knowledge and behavioural variables. We address this problem by analysing associations between our risk perception variables and demographic variables separately from variables related to knowledge and behaviour.

Our three-country study also allowed us to compare knowledge and risk perceptions in different epidemiological settings, but where the relative cultural and political similarities among the Scandinavian countries reduce the potentially confounding factors that can be found in cross-country studies.

Conclusion {#Sec22}
==========

There is a general lack of knowledge about ticks and tick-borne diseases. This concerns the recognition of ticks as well as the general knowledge about LB and TBE, including the availability of vaccines and antibiotic treatments. Risk perceptions are exaggerated regarding the probability of being infected by LB or TBE from a tick bite as well as regarding the severity of a tick bite and of contracting an LB infection.

Providing information that leads to increased knowledge about ticks and tick-borne diseases would therefore be a relevant public health strategy as it could make risk perceptions better aligned with actual risk. Should the TBE virus spread further in Denmark and Norway, information about TBE in general and the possibility of vaccination specifically would be especially important.

Overestimations of risk may negatively impact public health as it may lead to reduced time spent on outdoor recreation. Underestimation of risk may also negatively impact public health due to low use of protective measures and unnecessary exposure to tick bites and disease risk. A key challenge for public health authorities is to encourage precaution without causing alarm.

Additional file
===============

 {#Sec23}

**Additional file 1.** Survey questionnaire on risk perceptions, knowledge and behaviour related to ticks and tick-borne diseases in Scandinavia.

LB

:   Lyme borreliosis

TBE

:   Tick-borne encephalitis

VIF

:   variance inflation factor

An English translation of the questionnaire -- which was distributed in Danish, Norwegian and Swedish -- is included as Additional file [1](#MOESM1){ref-type="media"} to this article.

The share of the population with internet access was 94% in Denmark and Sweden and 97% in Norway in 2016, which means that web-based surveys exclude only a very small share of the population in Scandinavia.

For the questions "Have you ever heard of LB?" and "Have you ever heard of TBE?" we classify those who respond "Don't know" to the question as "No". These answers represent very small shares of our sample (0.5 and 3.6% for LB and TBE, respectively).

We assume that those who had not heard of the disease do not know any facts about the disease. Those who answered that they have not heard of LB or TBE were classified as not having a correct answer to the knowledge questions.
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